Objective-To review the clinical features, treatment, and outcome of children in the UK with Down's syndrome and acute myeloid leukaemia (AML). Design-A retrospective study of 59 children with Down's syndrome and AML presenting between 1987 and 1995. Data were obtained from hospital case notes, trial records, and by questionnaire. Results-The patients were unusually young (median age, 23 months) with a predominance of megakaryoblastic AML. Two of the seven infants who presented with abnormal myelopoesis aged 2 months or younger achieved complete spontaneous remission. Most of the older children with AML (32 of 52) were treated on recognised intensive protocols but 13 received individualised treatment and seven symptomatic treatment alone. Only four received a bone marrow transplant (BMT) in first remission. For the 45 older children who received chemotherapy the overall survival was 55% (median follow up 4.5 years). Patients on individualised protocols had a similar overall survival and toxic death rate but marginally higher relapse rate than those on standard (intensive) protocols. Children with Down's syndrome treated on the national AML 10 trial had a similar overall survival (70% v 59%) at five years to children of comparable age without Down's syndrome: their improved relapse risk (12% v 38%) oVset the slight increase in deaths as a result of treatment toxicity (19% v 11%). Conclusion-Neonates with Down's syndrome and abnormal myelopoesis may achieve spontaneous remission, and older children with Down's syndrome and AML can be treated successfully with intensive chemotherapy, without BMT. (Arch Dis Child 1999;81:32-37) 
Children with Down's syndrome have an increased incidence of both acute lymphoblastic and acute myeloid leukaemia (AML). Neonates with Down's syndrome may also develop features of leukaemia that undergo spontaneous remission, so called transient abnormal myelopoesis (TAM) . 3 In the past, children with Down's syndrome and AML may have received supportive care only, [4] [5] [6] [7] or died during treatment from infection, 5 but recent studies suggest that they can tolerate and respond well to intensive treatment. 4 8 9 We reviewed the clinical features, treatment trends, and outcome for children with Down's syndrome and AML in the UK since the advent of more intensive treatment schedules.
Patients and methods
We obtained information about all children with Down's syndrome developing AML during the years 1987-95 when the national Medical Research Council (MRC) trial for childhood AML, MRC AML 10 was accruing patients. 10 Cases were ascertained from the population based registry of children with cancer at the Childhood Cancer Research Group (CCRG) Oxford, with permission from the United Kingdom Children's Cancer Study Group (UKCCSG) epidemiology and registry group. Sixty three cases were identified from the register: four were not cared for by UKCCSG members and therefore were excluded, leaving a study group of 59. Information about these children was collected from the hospital case notes of those treated at Great Ormond Street Children's Hospital, London (GOSH); from trial records held at the Clinical Trial Service Unit, Oxford of those treated on the MRC AML 10 trial, and by questionnaire from the consultants responsible for the remaining children.
We recorded data on the child's general health, any preceding haematological abnormalities, and clinical and laboratory features at presentation with leukaemia. Details of all treatment received, any serious complications, and the outcome in terms of achievement of remission, occurrence of relapse, or death and cause of death were ascertained. Figure 1 shows the distribution of the patients by age and treatment received. Children aged 2 months or less were excluded from the survival analyses because of the diYculties of diVerentiation from TAM in this group. To assess the outcome after diVerent types of treatment, older children who received chemotherapy were divided into three groups (fig 1) : group A (n = 24), the AML 10 patients; group B (n = 8), those who had received any other recognised (intensive) protocol; and group C (n = 13), those treated with any individualised protocol. The 11 children with Down's syndrome treated at GOSH received the four standard courses of chemotherapy from the MRC AML 10 protocol without randomisation or high dose treatment: this conformed to one possible arm of the MRC AML 10 trial. Therefore, these children were grouped with the 13 children with Down's syndrome who had been registered on the MRC AML 10 trial and undergone full randomisation (including consideration for high dose treatment and bone marrow transplantation) to form group A. Recognised protocols in group B were the German Berlin-Frankfurt-Münster (BFM) protocol 11 and, in one particular treatment centre, the local protocol used for children with AML.
Outcomes were assessed for all those receiving chemotherapy as a single group. We then compared the eVect of intensive and individual protocols by comparing outcomes for groups A and B combined with those for group C; and compared outcomes for children with and without Down's syndrome treated with the MRC AML 10 protocol (see below).
STATISTICAL ANALYSIS
The outcomes for children with and without Down's syndrome treated with the MRC AML 10 protocol were compared. The children with Down's syndrome were those in group A excluding the child aged 5 years; the control group comprised children without Down's syndrome aged less than 4 years treated on the MRC AML 10 trial (n = 114). This age range was used because only one child with Down's syndrome on MRC AML 10 was older than 4 years, compared with 67% of those without Down's syndrome. Fisher's exact test was used to test for diVerences in remission rate, incidence of previous haematological problems, or morphological subtype; the MantelHaenszel test for trend was used to test for differences in presenting white cell count between children with Down's syndrome and controls. Kaplan-Meier life tables were constructed for survival data and were compared by means of the log rank test, 12 surviving patients being censored at 1 September 1996, when follow up was complete for all subjects. Survival estimates are given in the text as percentages with standard error in parentheses. All p values are two tailed.
Results

CLINICAL FEATURES
Among the 59 patients there were 29 boys and 30 girls; their median age at presentation was 23 months (0-174 months). There were two distinct age clusters: seven infants aged 2 months or less and all but two of the others presenting between 12 and 42 months (two older children were 61 and 174 months). Thirty one children had additional medical problems including 24 with congenital heart disease (seven corrected, 17 uncorrected) and five with previous severe upper airway problems or recurrent pneumonia. Table 1 shows the haematological features at presentation for all patients with Down's syndrome and for controls of similar age on MRC AML 10. In general, children with Down's syndrome had low leucocyte counts (median, 7.6 × 10 9 /l). Morphological classification according to Franco-American-British (FAB) criteria 13 14 showed a predominance of megakaryoblastic leukaemia (M7). Comparison of children with Down's syndrome in group A (excluding the child aged 5 years) with controls of similar age on MRC AML 10 revealed that the children with Down's syndrome had a lower presenting white cell count (p < 0.001), a higher incidence of the M7 subtype (p < 0.001), and a higher incidence of preceding haematological problems than did controls (p < 0.001).
Seventeen of the children aged 12 months or more at diagnosis had a prodromal period of thrombocytopenia, with or without anaemia, for a median of 5 months (1.5 to 17 months) before developing frank AML. Five of these had previously been diagnosed as having TAM in the neonatal period (table 1) . Bone marrow cytogenetics were available for 48 patients. All showed constitutional trisomy 21; 15 showed no other anomaly. The most common additional anomaly was trisomy 8 and many of the abnormalities were complex (table  2) . None of the karyotypes showed any of the changes associated with a favourable outcome in AML: t(15;17), inv(16), or t(8;21). Two showed monosomy 7, which is associated with an unfavourable prognosis.
Figure 1 Division of children with Down's syndrome (DS) and acute myeloid leukaemia (AML). GOSH, Great Ormond Street
INFANTS
Characteristics of the seven infants aged 2 months or less are given in tables 1 and 3. Both those who presented at birth were premature. Only one, who presented aged 1 month with a hemiparesis, received chemotherapy (modified AML 10 protocol): he died from infection. Three were very sick and died from their haematological disease after only 0-9 days, receiving supportive care only. However, two babies underwent complete spontaneous remission and remain well, and one was stable haematologically without treatment but died from other medical problems.
TREATMENT RECEIVED, CHILDREN AGED 12 MONTHS OR MORE Seven children aged 12 months or more received supportive care only; all died (median survival, 55 days; range 9-274). Their median age was 22 months; only two had other medical problems (one having severe cardiac disease).
The remaining 45 older children received chemotherapy (fig 1) . Several modifications were made to the MRC AML 10 protocol for the children in group A: in particular, two patients received only three courses of chemotherapy because of excessive toxicity (both remain in remission). Only minor modifications were made to the standard protocols used for children in group B. The intensity of treatment designed for the children in group C varied considerably, some being outpatient based. Only four children who received chemotherapy had a BMT from a histocompatible sibling donor: three in group A and one in group B.
OUTCOME OF TREATMENT
Thirty eight of the 45 older children who received chemotherapy achieved complete remission: six died during the first course of treatment and only one had resistant disease. Six children subsequently died in remission and nine relapsed: two of these received further chemotherapy, one achieving durable second remission. At a median follow up of 4.5 years (range 1.0-9.7), the overall five year survival was 55% (SE, 7.5%) for the 45 children aged more than 1 year receiving any chemotherapy (fig 2) . Tables 4 and 5 compare the results for those who received any protocol (intensive) treatment (groups A and B) with those who received individual treatment (group C). There is no apparent diVerence between groups A and B combined and group C in remission rate (p = 0.7) or overall survival (p = 0.9), but the lack of randomisation, small numbers, and the heterogeneity of treatments render formal analysis of diVerence in outcome unreliable. However, the risk of relapse and causes of death diVer between the two groups. Those on protocol treatments have a lower risk of relapse at five years (p = 0.08) than those on individual treatment. Most deaths in groups A and B were the result of treatment toxicity, whereas most deaths in group C resulted from relapsed or resistant disease (table 5) .
Analysis of outcome for children with and without Down's syndrome on MRC AML 10 showed no diVerence in remission rate between children with Down's syndrome (group A, excluding the child aged over 4 years) and controls of similar age (91% v 95%; p = 0.6). The overall five year survival for children with Down's syndrome (70%; SE, 9.6%) was greater than for controls (59%; SE, 4.6%) (fig  3) , although this was not significant (p = 0.6). The children with Down's syndrome had a lower relapse risk than controls (12% (SE, 7.8%) v 38% (5.1%); p = 0.04) (fig 4) . 
MORBIDITY OF TREATMENT
Thirty four of the 45 children receiving chemotherapy had at least one serious complication of treatment, predominantly infection of the respiratory tract, severe upper airways obstruction, or gastrointestinal toxicity. Three required admission to an intensive treatment unit and three had their treatment modified because of severe toxicity. The four patients who received an allograft all survived without apparent excessive morbidity. In general, the rate of remission deaths reflects treatment toxicity; this was greater for children with Down's syndrome than for controls of similar age treated on AML 10 (19% v 11%), but this difference was not significant (p = 0.3).
There were four episodes (one fatal) of cardiac failure thought to be caused by anthracycline induced cardiomyopathy. Follow up echocardiographic data are incomplete, but of the nine children with Down's syndrome and cardiomyopathy or asymptomatic deterioration in function on echocardiography, four (44%) had congenital heart disease. This is comparable with the 42% prevalence of heart disease among all children with Down's syndrome who received chemotherapy.
Discussion
This registry based series includes 94% of children with Down's syndrome presenting with AML in the UK over a nine year period. We have confirmed a characteristic clinical picture-young age, low white cell count, a predominance of M7 AML, and a prodromal myelodysplastic period-features that are relatively uncommon in childhood AML but are well described in patients with Down's syndrome. 7-9 15 16 The M7 (megakaryoblastic) variant of AML, seen in only 5-10% of childhood AML, 6 17 is the most frequent subtype in children with Down's syndrome. 8 9 16 18 The phenomenon of TAM in the neonate with Down's syndrome is well known. 3 18 Our study was not designed to ascertain all cases of TAM and the true frequency is unknown because milder cases may remain undetected or not notified to the childhood cancer registry. In a retrospective survey of this type, we cannot be certain of the diVerentiation between TAM and true AML, but two of our patients had spontaneously resolving disease and would conform to a diagnosis of TAM. Three, who were all were very sick at diagnosis, had a fatal outcome as has been described by others. 3 All neonates with Down's syndrome and apparent leukaemia who are well should initially be monitored in the expectation that many recover spontaneously. Only 20-30% of those with TAM subsequently develop AML, 3 often after a period of myelodysplasia. Although in TAM the abnormal clone seems to "burn out", 19 AML is fatal if untreated. Our study shows that children with Down's syndrome can tolerate intensive chemotherapy and, despite treatment toxicity, have a favourable relapse risk and a similar overall survival to other children. This represents an improvement over the last decade, 7 and confirms results of other studies, some of which have shown a better outcome for children with Down's syndrome than for other children when treated with standard chemotherapy. 4 8 9 16 Despite this, and despite changing attitudes to children with Down's syndrome, 4 16 our study also confirms that there is still some reluctance to oVer standard chemotherapy to children with Down's syndrome. 4 5 Individual treatment is sometimes oVered, presumably with the aim of minimising toxicity, but the numbers involved are too small to demonstrate any reduction in toxicity and the relapse risk increases. Therefore, overall survival is not obviously improved. Although intensive treatment causes significant toxicity, to which children with Down's syndrome may be especially vulnerable, because of relative immunodeficiency 20 and pre-existing morbidity, we have confirmed that they can tolerate such chemotherapy with a favourable outcome. *p = 0.7; **p = 0.9; ***p = 0.08; p values are for Fisher's exact test (remission rate and deaths in remission) and log rank test (overall survival and relapse risk). †One alive in relapse; ‡one alive in second complete remission; §single remission failure as a result of resistant disease; ¶all remission failures as a result of death during first course of treatment. Therefore, we suggest that children with Down's syndrome should receive standard chemotherapy, without BMT. Good supportive care is vital.
Concern about the potential cardiotoxicity of anthracyclines may contribute to reluctance to oVer standard treatment to children with Down's syndrome. 6 There is no evidence that the presence of congenital heart disease increases the risk of anthracycline toxicity, 8 and although our data on cardiac outcome are incomplete, we found no evidence for an increased risk among those with congenital heart disease. We suggest anthracyclines can be used for children with Down's syndrome although, as for all children, reduced anthracycline exposure would be ideal and may become feasible using one of the newer regimens exploring the use of other drug combinations.
Why do children with Down's syndrome have such a low relapse risk? The relatively young age of the children is unlikely to be important because age is not related to prognosis in childhood AML, 21 and we used controls of a similar age for the AML 10 analysis. The lower white cell count of children with Down's syndrome at presentation may be relevant because some studies have shown a trend to poorer outcome with higher leucocyte counts in AML. 6 21 However, in the MRC AML 10 trial as a whole, the presenting count had no influence on overall survival. There is no evidence that M7 is a "favourable" subtype of AML. 4 6 16 22 The best prognostic indicator in childhood AML is the karyotype of the leukaemic blast cells. 23 One of the favourable abnormalities t(15;17), inv(16), or t(8;21) is found in ∼ 30% of cases of childhood AML. 24 None were seen in our study, in keeping with other series of children with Down's syndrome and AML. 5 16 Two children in our study (4%) had the unfavourable karyotype monosomy 7, similar to the 5% prevalence in other series of patients with AML. 24 Therefore, the characteristics of AML seen in the child with Down's syndrome do not necessarily predict a low relapse risk. We have to conclude that constitutional trisomy 21 increases the risk of developing AML but simultaneously acts as a favourable prognostic factor.
The lower relapse risk might relate to changes in purine nucleotide synthesis and folate metabolism within cells with trisomy 21. Theoretically, this should increase the sensitivity of the cells to the therapeutic eVects of cytarabine, one of the drugs most active against AML. 25 26 Some of these changes have been demonstrated in vitro in megakaryoblasts from people with Down's syndrome, 27 and remission has been achieved with very low dose cytarabine in children with Down's syndrome. 15 28 However, it is likely that other unidentified factors also contribute to the low relapse risk.
We have confirmed the unique clinical and cytogenetic aspects of AML in children with Down's syndrome. Neonates may not require any treatment and we suggest that, if well, they should initially be monitored without treatment. With intensive treatment and adequate support, older children have a low relapse risk and BMT does not appear to be necessary for cure. There seems little justification in using individualised protocols. Our practice is to oVer these children treatment with a modification of the current MRC AML 12 trial protocol without randomisation, avoiding high anthracycline doses. Provision of adequate supportive care is vital and improvements in such care may lead to an even better outcome in the future.
Inflicted head injury-"could do better"
It is almost 40 years since Dr Henry Kempe and his colleagues in Denver shocked the world with their paper "The battered child syndrome" (Journal of the American Medical Association 1962;181:17-24) but still paediatricians there are able to comment on the failure of doctors to make the diagnosis of child abuse. They report (Journal of the American Medical Association 1999;281:621-6) that of 173 children under 3 years seen at the Denver Children's Hospital during 1990-95 with inflicted head injury, 54 (31%) had been seen by doctors who failed to make the diagnosis. In these cases the diagnosis of abuse was delayed by up to 6 months (mean 7 days, range < 1-189 days). The children in whom the diagnosis was not made seem to reflect doctors' preconceptions; they were more often young infants, white, living with both parents, and without breathing diYculties or seizures. Missing or misinterpreting x ray abnormalities contributed to the diYculty in seven cases.
Of the 54 children whose diagnosis was missed 15 (28%) were injured again, 22 (41%) suVered complications related to the missed diagnosis, five died, and four of the deaths were thought to have been preventable. Nevertheless, the mortality in recognised cases (17%) was greater than in missed cases (9%), clearly because milder cases are more likely to be missed. Even in Denver, where doctors must have been exposed to as much publicity about child abuse as anywhere in the world, the diagnosis is still missed and a JAMA editorial writer can still comment "physicians can do better" (Ibid: 657-9) ARCHIVIST 
